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(54) Fuel additive compositions and fuel compositions containing detergents and fluidizers 



(57) The present Invention Is directed to fuel addi- 
tive compositions of detergents combined with fluidizers 
and to hydrocarbon fuel compositions containing these 
fuel additive compositions. The fuel additive composi- 
tions of the present invention combine a Mannich deter- 
gent, formed from reaction of an alkylphenol with an al- 
dehyde and an amine, with a fluidizer that can be a pol- 



yether and, optionally, with a succlnlmide detergent. Fu- 
el compositions containing these fuel additive composi- 
tions are very effective In reducing Intake valve deposits 
in gasoline fueled engines, especially when the weight 
ratio of detergent{s) to fluidizer(s) is about 1 : 1 on an ac- 
tives basis. 
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Description 

Bacltground of the Invention 

5 1 . Field of the Invention 

[0001] The present invention involves fuel additive compositions and fuel compositions containing these fuel additive 
compositions. The compositions are effective In reducing Intalce valve deposits of internal-combustion engines. 

10 2, Description of the Related Art 

[0002] Deposits in the fuel delivery system and combustion chamber of an internal combustion engine can adversely 
effect combustion performance in terms of power output and emissions. Consequently, development of more effective 
fuel additives to prevent and/or reduce deposits is highly desirable. 

15 [0003] Canadian Patent Publication 2,089.833. Gralff, August 21, 1993; U.S. Patent 5,697,988. Malfer et al., De- 
cember 16, 1997; U.S. Patent 5,873.917. Daly, February 23, 1999; and U.S. Patent 5,876.468, Moreton, March 2, 
1999, Involve Mannich detergents, generally prepared by reaction of alkylphenols with aldehydes and amines, and 
polyether fluidizers for reduction of deposits in an engine combustion chamber and/or fuel delivery system. 
[0004] U.S. Application Serial No. 09/337,997, McAtee, filed June 22, 1999, discloses hydrocarbon fuels containing 

20 a Mannich detergent composition including other compounds such as polyetheramlnes. 

[0005] The present invention provides deposit control fuel additive compositions exhibiting unexpectedly superior 
results that combine a Mannich detergent with a polyetheramine fluidizer or a polyether fluidizer or a mixture of poly- 
etheramine and polyether fluidizers and, optionally, a succinimlde detergent. 

25 Summary of the Invention 

[0006] It is an object of this invention to reduce intake system deposits In hydrocarbon-fueled Internal combustion 
engines. 

[0007] It is a further object of this invention to reduce intake valve deposits in gasoline internal combustion engines. 
30 [0008] Additional objects and advantages of the invention will be set forth in part in the description that follows and 
In part will be obvious from the description or may be learned by the practice of this invention. The objects and advan- 
tages of the Invention may be realized and attained by means of the Instrumentalities pointed out in the appended 

claims. 

[0009] To achieve the foregoing objects in accordance with the invention, as described and claimed herein, the fuel 
35 additive composition of the present invention comprises 

a) a Mannich detergent prepared from the reaction of a hydrocarbylphenol, an aldehyde and an amine where the 
hydrocarbyl substltuent has a number average molecular weight of from 500 to 3000, and 

b) a polyetheramine fluidizer of formula R[0CH2CH(R^)]nA where R is a hydrocarbyl group, R1 is selected from 
40 the group consisting of hydrogen, hydrocarbyl groups of 1 to 16 carbon atoms and mixtures thereof, n is a number 

2 to about 50, and A is selected from the group consisting of -OCH2CH2CH2NR2R2 and -NR^R^ where each R2 
Is Independently hydrogen or hydrocarbyl, and each R3 is independently hydrogen, hydrocarbyl or -[R'*N(R5)]pR6 
where R^ Is C2 — C^q alkylene, R^ and R^ are Independently hydrogen or hydrocarbyl and p is a number from 1-7. 

45 [0010] Another aspect of the present invention is a fuel composition comprising a mixture of a hydrocarbon fuel and 
the above-described fuel additive composition where the concentration of the Mannich detergent and the polye- 
theramine fluidizer combined on an actives basis is from 10 to 2000 ppm by weight. 

[0011] A further embodiment of the present invention is the above-described fuel additive composition where the 
weight ratio on an actives basis of the Mannich detergent to the polyetheramine fluidizer is about 1:0.1-3. 
50 [0012] Another embodiment of the present invention is a fuel composition comprising a mixture of a hydrocarbon 
fuel, hydrocarbon solvent and the above-described fuel additive composition where the weight ratio on an actives basis 
of the Mannich detergent to the polyetheramine fluidizer is about 1:0.1-3 and the concentration of the detergent and 
the fluidizer combined Is from 10 to 2000 ppm by weight on an actives basis. 

[0013] In a still further embodiment of the present Invention, the fuel additive composition comprises 

55 

a) a Mannich detergent from the reaction of a hydrocarbyl-substltuted phenol, an aldehyde and an amine where 
the hydrocarbyl substituent is derived from a polyisobutylene having a number average molecular weight of from 
500 to 3000 and a vinylldene isomer content of at least 70%, and 
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b) a polyetheramine flurdizer of the formula R[OCH2CH(R^)]nOCH2CH2CH2NH2 where R is Ci"C3Q alkyi group or 
C1-C30 alkyl-substituted phenyl group, R^ is hydrogen, methyl or ethyl, and n is a number from about 10 to about 
35 where the weight ratio of the detergent to the fluidizer on an actives basis is about 1 .0.5-2, 

5 [0014] In yet another embodiment of the present invention, the fuel additive composition comprises 

(a) a Mannich reaction product of a hydrocarbyl-substituted phenol where the hydrocarbyl substituent has a number 
average molecular weight of from 500 to 3000, an aldehyde, and an amine, and 

(b) a polyetheramine represented by the formula R[0CH2CH(R1)]nA where R is a hydrocarbyl group, R'' is selected 
10 from the group consisting of hydrogen, hydrocarbyl groups of 1 to 16 carbon atoms, and mixtures thereof, n is a 

number from 2 to about 50, and A is selected from the group consisting of -OCH2CH2CH2NR2R2 and -NR^R^ 
where each R2 is independently hydrogen or hydrocarbyl, and each R^ is independently hydrogen, hydrocarbyl or 
-IR^N(R5)]pR6 where R"* is C2-C10 alkylene, R^ and R^ are independently hydrogen or hydrocarbyl, and p is a 
number from 1-7. and 

15 (c) a polyether represented by the formula R70[CH2CH(RS)0]qH where R^ is a hydrocarbyl group. R® is selected 

from the group consisting of hydrogen, hydrocarbyl groups of 1 to 16 carbon atoms, and mixtures thereof, and q 
is a number from 2 to about 50. 



20 



[001 5] An additional embodiment of the present invention is a fuel additive composition comprising 



a) a Mannich detergent prepared from the reaction of a hydrocarbyl-substituted phenol, an aldehyde, and an amine 
where the hydrocarbyl substituent is derived from a polyisobutylene having a number average molecular weight 
molecular weight of from 500 to 3000 and a vinylidene isomer content of at least 70%, and 

b) a polyether fluidizer of the formula R70[CH2CH(R8)0]qH where R^ is a hydrocarbyl group, R^ is selected from 
25 the group consisting of hydrogen, hydrocarbyl groups of 1 to 16 carbon atoms, and mixtures thereof, and q is a 

number from 2 to about 50, and optionally 

c) a succinimide detergent prepared from the reaction of a polyamine and a hydrocarbyl-substituted succinic acylat- 
ing agent where the weight ratio of detergent(s) to fluidizer is about 1:0.5-2 on an actives basis. 

30 [001 6] In a further additional embodiment of the present invention, the fuel additive composition comprises 

a) Mannich detergent prepared from the reaction of a hydrocarbyl-substituted phenol, an aldehyde, and an amine 
where the hydrocarbyl substituent is derived from a polyisobutylene having a number average molecular weight 
of from 500 to 3000 and a vinylidene isomer content of at least 70%, and 
35 b) a polyether fluidizer of the formula R70[CH2CH(R8)0]qH where R^ is a hydrocarbyl group, R^ is selected from 

the group consisting of hydrogen, hydrocarbyl groups of 1 to 16 carbon atoms, and mixtures thereof, and q is a 
number from 2 to about 50, and optionally 

c) a succinimide detergent prepared from the reaction of a polyamine and a hydrocarbyl-substituted succinic acylat- 
ing agent where the weight ratio of detergent(s) to fluidizer is about 1: 0.5-2 on an actives basis, and 

40 d) a polyetheramine represented by the formula R[0CH2CH{R^ wherein R is a hydrocarbyl group; R^ is selected 

from the group consisting of hydrogen, hydrocarbyl groups of 1 to 16 carbon atoms, and mixtures thereof; n is a 
number from 2 to about 50; and A is selected from the group consisting of -OCH2CH2CH2NR2R2 and -NR^R^ 
wherein each R2 is independently hydrogen or hydrocarbyl; and each R^ is independently hydrogen, hydrocarbyl 
or -[R4N(R5)]pR6 wherein R^ is C2-C^o alkylene; R^ and R^ are independently hydrogen or hydrocarbyl; and p is 

45 a number from 1-7. 

[001 7] A resulting embodiment of the present invention is a fuel composition comprising a mixture of a hydrocarbon 
fuel, hydrocarbon solvent and the above-described fuel additive composition of Mannich detergent, polyether fluidizer 
and optionally succinimide detergent having a weight ratio on an actives basis of detergent(s) to fluidizer of about 1: 
50 0.5-2 where the concentration of detergent{s) and fluidizer combined is from 10 to 2000 ppm by weight on an actives 
basis. 

[0018] In a still additional embodiment of the present invention, the fuel additive composition comprises 

a) a Mannich detergent prepared from a hydrocarbyl-substituted phenol, formaldehyde, and ethylenediamine 
55 where the hydrocarbyl substitutent is derived from a polyisobutylene having a number average molecular weight 

of from 500 to 3000 and a vinylidene isomer content of at least 70%, and 

b) a polyether fluidizer of the formula R70[CH2CH(R®)0]pH where R^ is a C^-Cjq alky! group or a C1-C30 alkyl- 
substituted phenyl group, R^ is hydrogen, methyl or ethyl, and q Is a number from about 10 to about 35, and 
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optionally 

c) a succinlmide detergent prepared from a polyamine and a hydrocarbyl-substituted succinic acylating agent. 

[0019] A further resulting embodiment of the present invention is a fuel composition comprising a mixture of a hy- 
5 drocarbon fuel and the above-described fuel additive composition of Mannich detergent prepared from polyisobutylene- 
derived alkylphenol and formaldehyde and ethylenediamlne, polyether fluidlzer and optionally succlnimlde detergent 
where the concentration of detergent(s) and fluidizer combined is from 10 to 2000 ppm by weight on an actives basis. 
[0020] Finally in another embodiment of the present invention, the fuel additive composition of Mannich detergent, 
prepared from phenol alkylated with 500 to 3000 number average molecular weight polyisobutylene having at least 
10 70% vinylidene isomer content and formaldehyde and ethylenediamlne, polyether fluidlzer and optional succinlmide 
detergent has a weight ratio of detergent(s) to fluidizer of about 1:0.5-2 on an actives basis. 

Detailed Description of the Invention 

15 [0021] The fuel additive compositions of the present invention comprise as a first component a Mannich reaction 
product of a hydrocarbyl-substituted phenol, an aldehyde, and an amine where the hydrocarbyl substituent has a 
number average molecular weight from 500 to 3000. 

[0022] The hydrocarbyl substituent is a univalent radical of one or more carbon atoms that is predominately hydro- 
carbon in nature, but can have nonhydrocarbon substituent groups and can contain heteroatoms. This description of 

20 a hydrocarbyl substituent or group applies throughout the application. The hydrocarbyl substituents are generally de- 
rived from polyolefins having a number average molecular weight of from 500 to 3000. preferably 700 to 2300. and 
most preferably 750 to 1500. The polyolefins are generally derived from polymerization of olefin monomers including 
ethylene, propylene and various butene isomers including Isobutylene. The hydrocarbyl-substituted phenols can be 
obtained by alkylating phenol with a polyolefin using an alkylatlon catalyst such as boron trifluoride. Polyisobutylenes 

25 can be used to alkylate phenol, and more preferably highly reactive polyisobutylene is used In the alkylation in which 
at least 70% of the terminal olefinic double bonds in the polyisobutylene are of the vinylidene type. Commercial exam- 
ples of highly reactive or high vinylidene polyisobutylenes include Ultravis®, formerly marketed by BP Chemical, and 
Glissopal® marketed by BASF. 

[0023] The aldehyde is preferably a C^-Cg aldehyde, the most preferred is formaldehyde that may be used in one 
30 of its reagent forms such as paraformaldehyde and formalin. 

[0024] The amine can be a monoamine or a polyamine and includes organic compounds containing at least one 
HN< group suitable for use in the Mannich reaction. Polyamines include alkylene polyamines such as ethylenediamlne, 
diethylenetrlamine and dimethylamlnopropylamlne. 

[0025] The conditions required for Mannich reactions to form the Mannich reaction products of this invention are 
35 known in the art. For typical conditions for Mannich reactions see U.S. Patents 3,877.889. 5,697.988 and 5.876,468, 
the disclosures of which are incorporated herein by reference. 

[0026] The fuel additive compositions of the present invention comprise as a second component a fluidizer, for valve 

stick perfonmance requirements, that can be a polyetheramine or a polyether or a mixture thereof. 

[0027] The polyetheramines of the present invention are represented by the formula R[0CH2CH{R'')]nA where R is 

40 a hydrocarbyl group, R^ is selected from the group consisting of hydrogen, hydrocarbyl groups of 1 to 16 carbon atoms, 
and mixtures thereof, n is a number from 2 to about 50, and A is selected from the group consisting of 
-OCH2CH2CH2NR2R2 and -NR3r3 where each R2 is independently hydrogen or hydrocarbyl, and each R^ is inde- 
pendently hydrogen, hydrocarbyl or -[R'^N(R5)]pR6 where R"* is C2-C10 alkylene. R5 and R^ are independently hydrogen 
or hydrocarbyl, and p is a number from 1-7. 

45 [0028] These polyetheramines can be prepared by initially condensing an alcohol or alkylphenol with an alkylene 
oxide, mixture of alkylene oxides or with several alkylene oxides in sequential fashion in a 1:2-50 mole ratio of hydric 
compound to alkylene oxide to form a polyether intemnedlate. U.S. Patent 5,094,667 provides reaction conditions for 
preparing a polyether Intermediate, the disclosure of which is incorporated herein by reference. 
[0029] The alcohols can be linear or branched from 1 to 30 carbon atoms, more preferably from 6 to 20 carbon atoms, 

50 most preferably from 10 to 16 carbon atoms. The alkyi group of the alkylphenols can be 1 to 30 carbon atoms, more 
preferably 10 to 20 carbon atoms. 

[0030] The alkylene oxides are preferably ethylene oxide, propylene oxide or butylene oxide. The number of alkylene 
oxide units in the polyether Intermediate is preferably 10-35, more preferably 18-27. 

[0031] The polyether intermediate can be converted to a polyetheramine by amination with ammonia, an amine or 
55 a polyamine to form a polyetheramine of the type where A Is -NR3R3. Published Patent Application EP31 0875 provides 
reaction conditions for the amination reaction, the disclosure of which is incorporated herein by reference. Alternately, 
the polyether intermediate can also be converted to a polyetheramine of the type where A is -OCH2CH2CH2NR2R2 by 
reaction with acrylonitrile followed by hydrogenation. U.S. Patent 5,094,667 provides reaction conditions for the cya- 
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noethylation and subsequent h yd roge nation, the disclosure of which is incorporated herein by reference. 

[0032] Polyetheramines where A is -OCH2CH2CH2NH2 are preferred. Commercial examples of preferred polye- 

theramines are the Techrpn® range from Chevron and the Jeffamine® range from Huntsman. 

[0033] The polyethers of the present Invention are represented by the formula R^O[CH2CH(R8)0]qH where is a 

5 hydrocarbyl group, R® is selected from the group consisting of hydrogen, hydrocarbyl groups of 1 to 16 carbon atoms, 
and mixtures thereof, and q is a number from 2 to about 50. Reaction conditions for preparation as well as preferred 
embodiments of the polyethers of the present invention were presented above in the polyetheramine description for 
the polyether intermediate. A commercial example of preferred polyethers is the Lyondell ND® series. Suitable samples 
are also available from Dow Chemicals, Huntsman, and ICI. 

10 [0034] The fuel compositions of the present invention comprise a mixture of the fuel additive composition as described 
throughout this description and a hydrocarbon fuel. The hydrocarbon fuel is normally a liquid fuel, usually a hydrocar- 
bonaceous petroleum distillate fuel such as motor gasoline as defined by ASTM Specification D439 or diesel fuel or 
fuel oil as defined by ASTM Specification D396. Normally liquid fuel compositions comprising non-hydrocarbonaceous 
materials such as alcohols, ethers, organo-nitro compounds and the like (e.g.. methanol, ethanol, diethyl ether, methyl 

^5 ethyl ether, nitromelhane) are also within the scope of this invention as are liquid fuels derived from vegetable or mineral 
sources such as corn, alfalfa, shale and coal. Normally liquid fuels that are mixtures of one or more hydrocarbonaceous 
fuels and one or more non-hydrocarbonaceous materials are also contemplated. Examples of such mixtures are com- 
binations of gasoline and ethanol and of diesel fuel and ether. Particularly preferred is gasoline, that is, a mixture of 
hydrocarbons having an ASTM distillation range from about 60°C. at the 10% distillation point to about 205'*C. at the 

20 90% distillation point. 

[0035] The fuel additive compositions of the present invention can also contain a hydrocarbon solvent to provide for 
their compatibility or homogeneity and to facilitate their handling and transfer. The hydrocarbon solvent concentration 
in the fuel additive composition can be 10-80% by weight, preferably 20-70% by weight, and especially preferred being 
30-60% by weight. The hydrocarbon solvent can be an aliphatic fraction, aromatic fraction, or mixture of aliphatic and 
25 aromatic fractions where the flash point is generally about 40'*C. or higher. The hydrocarbon solvent is preferably an 
aromatic naphtha having a flash point above 62''C. or an aromatic naphtha having a flash point of 40''C. or a kerosene 
with a 16% aromatic content having a flash point above 62°C. 

[0036] The fuel additive compositions of the present invention may contain as an optional component a succinimide 
prepared from a polyamine and a hydrocarbyl-substituted succinic acylating agent. The hydrocarbyl substituent can 

30 have a number average molecular weight of about 500 to about 5000, preferably 750 to 1500. The hydrocariiyi sub- 
stituent can be derived from a polyolefin, preferably polyisobutylene. The polyisobutylene preferably has at least 70% 
of its olefinic double bonds as the vinylidene isomer type. The polyamine is preferably an alkylene polyamine to include 
alkylene polyamine bottoms. U.S. Patent 5,71 9,108 provides a general discussion on preparing hydrocarbyl-substituted 
succinic acylating agents, the disclosure of which is incorporated herein by reference. 

35 [0037] In a preferred embodiment of the present invention, the fuel additive composition comprises a Mannich reac- 
tion product detergent, a polyetheramine or polyether fluid izer or mixture thereof, and optionally a succinimide detergent 
in a weight ratio on an actives basis of detergent(s) to fluidizer(s) of about 1:0.1-3, more preferably 1:0.5-2, and most 
preferably 1:1-1.3. 

[0038] In another preferred embodiment of the present invention, the fuel composition comprises a mixture of a 
^0 hydrocarbon fuel and a fuel additive composition comprising a Mannich reaction product detergent, a polyetheramine 
or polyether fluidizer or mixture thereof, and optionally a succinimide detergent where the concentration of the detergent 
(s) and fluidizer(s) combined on an actives basis is from 10 to 2000 ppm by weight, more preferably from 100 to 1000 
ppm by weight, and most preferably from 150 to 400 ppm by weight. 

[0039] The fuel additive compositions and fuel compositions of the present Invention can contain other additives that 
45 are well known to those of skill in the art. These can include antiknock agents such as tetra-alkyi lead compounds and 
MMT (methylcyclopentadienyl manganese tricarbonyl), lead scavengers such as halo-alkanes, dyes, antioxidants such 
as hindered phenols, rust inhibitors such as alkylated succinic acids and anhydrides and derivatives thereof, bacteri- 
ostatic agents, auxiliary dispersants and detergents, gum inhibitors, fluidizer oils, metal deactivators, demulslfiers, anti- 
valve seat recession additives such as alkali metal sulphosucclnate salts, and anti-icing agents. The fuel compositions 
50 of this invention can be lead-containing or lead-free fuels. Preferred are lead-free fuels. 
[0040] The following examples are set forth only for illustrative purposes. 

[0041] The test results set forth in Table 1 and Table 2 below demonstrate the superior effectiveness of the fuel 
additive compositions and the fuel compositions of the present invention In controlling intake valve deposits (IVD) in 
engine testing. 
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Table 1 





M102ETesti 


5 


Example 


Detergent^, ppm 


Fluldizer, ppm 


IVD3, mg 




1 (comparati ve) 


61 


133* 


209 




2 


97 


975 


5 


10 


3 


97 


976 


52 


4 


97 


977 


12 




6 


97 


974 


170 


15 




Table 2 







Renault CIro Field Test® 


Example 


Mannich Detergent^, 
ppm 


Succinimide 
Detergent^, ppm 


Polyether Fluldizer, ppm 


IVD3. mg 


6 (comparative) 


90 




1984 


93 


7 


144 




1447 


40 


8 


113 


31 


1447 


26 


9 


113 


31 


14410 


6.5 


10 


72 


72 


1447 


0.5 



20 



25 



30 



35 



1 . Daimler-Benz M102E Test: 4-cyllnder. 4-stroke, 2.3 liter gasoline engine. 60 hours on dynamometer with variable speed and load cycle. 

2. Mannich from 1000 molecular weight polyisobutytene alkylated phenol, formaldehyde and elhylenediamine in 1:1:1 molar ratio. 

3. Average valve deposit weight. 

4. Polyether from dodecylphenol and average of 11 propylene oxide units. 

5. Polyetheramine via cyanoethylation and hydrogenation of polyether from C-| 3 alcohol and average of 20 butylene oxide units. 

6. Polyether from C13 alcohol and average of 20 butylene oxide units. 

7. Polyether from Ci2.^5 alcohol and average of 24 propylene oxide units. 

8. Renault Clio Field Test: 4-cylinder, 4-stroke, 1.1 liter, single-point injection gasoline engine: 10,000 km with 70% highway and 30% urban cycle. 

9. Succinimide from 1000 molecular weight polyisobutylene thermally alkylated succinic anhydride and alkylene polyamine bottoms in 1:0.87 mole 
ratio. 

10. Polyether from dodecylphenol and average of 24 propylene oxide units. 



40 



Claims 

1 . A fuel additive composition, comprising: 



(a) a Mannich reaction product of a hydrocarbyl-substituted phenol wherein the hydrocarbyl substituent is 
derived from a polyisobutylene having a number average molecular weight of from 500 to 3000 and a vinylidene 

^5 isomer content of at least 70%; an aldehyde; and an amine; and 

(b) a polyether represented by the formula R^0[CH2CH(RQ)0]qH wherein is a hydrocarbyl group; R® is 
selected from the group consisting of hydrogen, hydrocarbyl groups of 1 to 16 carbon atoms, and mixtures 
thereof; and q is a number from 2 to about 50; and optionally 

(c) a succinimide prepared from a polyamine and a hydrocarbyl-substituted succinic acylating agent wherein 
the weight ratio of the Mannich reaction product and the succinimide combined to the polyether is about 1 :0.5-2. 

2. The fuel additive composition of claim 1 , further comprising: 

(e) a hydrocarbon solvent. 

55 

3. A fuel composition, comprising: 

a hydrocarbon fuel; and 
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the fuel additive composition of claim 2 wherein the concentration of the Mannich reaction product, the poly- 
ether and the succinimide combined Is from 10 to 2000 ppm by weight. 

The fuel additive composition, of claim 1 wherein the aldehyde and the amine of the Mannich reaction product Is 
formaldehyde and ethylenediamine; and of the polyether is a C^-Cjo alkyi group or a C^-Cao alkyl-substituted 
phenyl group; is hydrogen, methyl or ethyl; and q is a number from about 10 to about 35. 

A fuel composition, comprising: 

a hydrocarbon fuel; and 

the fuel additive composition of claim 4 wherein the concentration of the Mannich reaction product, the poly- 
ether and the succinimide combined is from 10 to 2000 ppm by weight. 

The fuel additive composition of claim 4, further comprising: 

(d) a hydrocarbon solvent. 
A fuel composition, comprising: 

a hydrocarbon fuel; and 

the fuel additive composition of claim 4 wherein the concentration of the Mannich reaction product, the poly- 
ether and the succinimide combined is from 10 to 2000 ppm by weight. 



